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Abstract
Objective: To analyze the cost- effectiveness of maternity waiting homes (MWHs) in 
rural Liberia by examining the cost per life saved and economic effect of MWHs on 
maternal mortality.
Methods: A cost- effectiveness analysis was used to evaluate costs and economic effect 
of MWHs on maternal mortality in rural Liberia to guide future resource allocation. A 
secondary data analysis was performed based on a prior quasi- experimental cohort 
study of 10 rural primary healthcare facilities, five with a MWH and five without a 
MWH, that took place from October 30, 2010 to February 28, 2015.
Results: Calculations signified a low cost per year of life saved at MWHs in a rural dis-
trict in Liberia. Total population- adjusted number of women's lives saved over 3 years 
was 6.25.
Conclusion: While initial costs were considerable, over a period of 10 or more years 
MWHs could be a cost- effective and affordable strategy to reduce maternal mortality 
rates in Liberia. Discussion of the scaling up of MWH interventions for improving mater-
nal outcomes in Liberia and other low- and middle- income countries is justified. Findings 
can be used to advocate for policy changes to increase the apportionment of resources 
for building more MWHs in low resource settings.
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1  | INTRODUCTION
Liberia ranks in the top 10 countries for maternal mortality world-
wide with a ratio of 1072 maternal deaths per 100 000 live births.1 
This  figure from the 2013 Liberia Demographic Health Survey (LDHS) 
maternal mortality rate (MMR) is not significantly different from 
the 2007 LDHS MMR of 994 deaths per 100 000 live births.1 The 
Sustainable Development Goals (SDGs) aim to reduce the global 
maternal mortality ratio to less than 70 per 100 000 live births by 
2030.2 One way to increase access to skilled healthcare profession-
als and reduce maternal morbidity and mortality in Liberia and other 
low- and middle- income countries (LMICs) is through the use of a 
maternity waiting home (MWH).3
Maternity waiting homes are residential dwellings located near to 
health facilities where women stay to await delivery and receive post-
partum services.4 The purpose of MWHs is to provide a setting where 
women can stay during the final weeks of their pregnancy near a basic 
emergency obstetric and neonatal care (BEmONC) facility.4
A Cochrane review5 found insufficient evidence on which to base 
recommendations for practice and limited insight among available lit-
erature into the potential benefit of MWHs. Although some MWHs 
have shown evidence of their value by reducing MMRs,6,7 there is a 
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dearth of information on their economic practicality. A scoping review 
of the scientific literature on MWHs and neonatal outcomes in LMICs8 
identified only one study recommending the scaling up of MWHs 
based on their cost- effectiveness.9
There is a gap in the literature on the economic practicality of 
MWHs as an intervention to reduce the maternal mortality ratio and 
meet the SDGs. Research into the cost- effectiveness analysis (CEA) 
of MWHs is needed to inform policy at the national and international 
level whether to allocate resources for building additional homes in 
Liberia and other low resource settings. The purpose of the present 
study was to analyze the cost- effectiveness of MWHs in rural Liberia 
by examining the cost per life saved and economic effect of MWHs on 
maternal mortality to inform future policy.
2  | MATERIALS AND METHODS
For this CEA, a secondary data analysis was performed based on a 
prior quasi- experimental cohort study of 10 rural primary healthcare 
facilities, five with a MWH (exposed intervention group) and five 
without a MWH (unexposed comparison group) that took place from 
October 30, 2010 to February 28, 2015.3 The cohort study was inter-
rupted by the Ebola virus disease outbreak (EVD) in early 2014,10 
and the present study therefore reported on data from March 
2011 (after baseline data collection ended) through September 
2013 (prior to the beginning of the EVD outbreak). The five clinics 
in the MWH group were matched based on similar characteristics 
including size, location, distance from a paved road, and population 
demographics to the five clinics in the non- MWH group. All 10 clin-
ics provided standard services including BEmONC and referral ser-
vices. The 10 communities were all located in north central Liberia 
in Bong County, and all communities were within a 2- hour car ride 
to one of the three hospitals in Bong County providing comprehen-
sive emergency obstetric and newborn care (CEmONC). During the 
period of initial data collection, the county had very few ambulances 
with most transfers to a higher level of care undertaken by private 
vehicle or taxi. Approval was obtained from the Institutional Review 
Board of the University of Michigan, and the study was cleared by 
the Liberian Ministry of Health. Consent was not required as no 
human subjects were involved in this secondary analysis. Microsoft 
Excel program version 2013 was used to display and statistically 
manage data.
Prior to construction of the MWHs, all the potential communities 
were asked to pledge to provide services and raw materials (making 
bricks, hauling sand and gravel, cutting wood) as well as provide food 
and cooked meals for the construction teams.3 This was seen as a 
component of the community buy- in and engagement that was uti-
lized throughout the parent study.3 Communities unwilling to pledge 
services and materials were not eligible for participation. There was 
some variation across MWH sites in building costs and donations, 
with building costs dependent on whether a new home was built or 
whether an existing structure was used.3 Four MWHs were built from 
existing structures that were left in various levels of disrepair following 
the civil war—hence the variation in cost. One home was a new con-
struction. The newly constructed MWH was built with a US $25 000 
private donation.
The MWHs were available without charge to all pregnant women, 
and access was neither dependent on referral nor on the distance 
between a woman's home and the rural primary health clinic.3 Every 
MWH had a minimum of eight beds with mosquito netting, outdoor 
toilet facilities, and an outdoor kitchen with cooking utensils along 
with a sheltered area for firewood.3 Data on maternal and neonatal 
health outcomes, transfers to a CEmONC, maternal mortality, and 
MWH use were collected on a monthly basis by the Liberian research 
team from the facility logbooks.
Cost- effectiveness analysis is a recognized tool for guiding resource 
allocation11 and allows evaluation of a health intervention by ask-
ing, “How much health benefit do we get for our money?”.12 Cost- 
effectiveness analysis refers to the evaluation of alternatives according 
to both their costs and their efforts with regard to producing some 
outcome.13 Costs can be used to evaluate whether scarce resources 
are being consumed efficiently or if there is a possibility to redistribute 
them in a way to improve population health.14 WHO criteria on cost- 
effectiveness propose an intervention is highly cost- effective if it pre-
vents a year of life lost for less than the national gross domestic product 
(GDP) per capita, cost- effective if one to three times the GDP per capita, 
and not cost- effective if more than three times the GDP per capita.15
A CEA was performed to examine the cost per year of life saved 
by a MWH. Aggregate cost- effectiveness calculations for a rural dis-
trict in Liberia were computed. Estimates of the catchment population 
provided by the Liberian Ministry of Health were included in the cal-
culations. Catchment population is the population of people served 
by a particular health clinic. Data on maternal deaths were obtained 
from official registers kept by the local Liberian Ministry of Health at 
each facility. The locations were matched to controls based on the fact 
that they had similar characteristics, eliminating the need to adjust for 
these characteristics. The population- adjusted total lives saved was 
calculated as:
where i is a group of catchment areas matched on approximate size, 
location, distance from a paved road, and population demographics.
The total cost per year of maternal life saved (CYLS) per identified 
time period of the study (3 years) was calculated using the formula:
Population- adjusted lives saved=
5∑
{i=1}
�
maternal deaths in nonMWHcatchment area for group i
�
×
�
number of women of childbearing age inMWH catchment area for group i
number of women of childbearing age in nonMWHcatchment area for group i
�
−
�
maternal deaths inMWH catchment area for group i
�
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Use of 2011 as the base year allows for comparison to the 2011 
GDP in Liberia. Average years of life remaining was calculated as 
34.7 years by subtracting the average age of maternal death in the 
collected data, 28.3 years, from the average life expectancy of 63 for 
women in Liberia.16 Since the given average life expectancy is uncon-
ditional on current age, the calculated average years of life remaining 
is likely a lower bound for the true value. To understand the increas-
ing cost- effectiveness of MWHs as a result of declining average fixed 
costs over time, cost per year of maternal life saved was extrapolated 
for longer periods of 5 and 10 years.
The overall costs of building all five of the MWHs was $57 500 
(Table 1). Variable costs were also calculated for total labor and repairs 
each year, depending on the regularity with which the costs were 
incurred. Variable costs included wages, cooking utensils, plastic buckets, 
plastic mattresses, paint, roofing, and door replacement costs (Table 2).
Costs and benefits were discounted to account for the fact that 
costs and benefits in the future are worth less than if they were real-
ized in the present. The widely accepted annual discount rate of 3% 
was used for such calculations.15 Specifically, variable costs incurred 
in the future were discounted, as was the value of future years of life 
remaining in the lives of women who were saved.
A final calculation of the total cost per year of life saved takes into 
account the decreased probability of death for the infant to whom 
the mother gave birth at the time of her death. Several sources in 
other African countries suggest the percentage point increase in the 
probability of an infant dying conditional on maternal death ranges 
from approximately 40% to 70%.17,18 Therefore, the total lives saved, 
inclusive of a lower bound value on the number of infants likely saved, 
was calculated as:
Total lives saved, mother or infant = (number of maternal deaths 
from non- MWH catchment areas − number of maternal deaths from 
MWH catchment areas) × 1.4.
Years of life saved for the infants took into account the full average 
of 63 years of life remaining for an infant. Stata version 14.2 software 
(StataCorp, College Station, TX, USA) and Student t test were used to 
calculate the difference in lives saved between matched communities 
with and without a MWH. P<0.05 was considered statistically significant.
3  | RESULTS
Results indicated a low cost per year of life saved at MWHs in 
a rural district in Liberia. A total of seven deaths in communities 
(CYLS)=
total discounted C∑3
i=1
(average total LS/year)× (2011 value of average years of life remaining in year i)
.
TABLE  1 Characteristics of MWHs and non- MWHs.
Location MWH cost Catchment populationa Childbearing populationb
Number of 
maternal deaths
Yila $6500 2998 690 3
Naama 7022 1615 3
Zebay $9500 3552 842 0
Botota 8952 2059 4
Janyea $8500 4035 906 3
Fenutoli 7313 1682 6
Bellemu $8000 3617 832 0
Tokpaipolu 1652 380 2
Salala $25 000 22 637 5207 1
Bong Mines 16 657 3831 2
Total MWH $57 500 36 839 8477 7
Total non- MWH 41 596 9567 17
Total combined 78 435 18 044 24
Abbreviation: MWH, maternity waiting home.
aData provided by the Ministry of Health, Bong County Health Team, 2012.
b23% of catchment community.20
TABLE  2 Variable costs of operating a MWH.
Cost type Cost amount Frequency
Wages $840.00 Annual
Cooking utensils $270.00 Biennial
Plastic buckets $70.00 Biennial
Plastic mattress $240.00 Biennial
Paint $704.00 Biennial
Roofing $70.00 Triennial
Doors $170.00 Biennial
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with a MWH, compared to 17 deaths in communities without a 
MWH, were reported during the study (Table 1). The total number 
of women's lives saved over 3 years was 10 (17 maternal deaths 
non- MWH − 7 maternal deaths MWH), or 6.25 when taking into 
account population differences between treatment communities 
and matched control communities (Table 3). The difference in lives 
saved between matched communities with and without a MWH 
(10) revealed a significant difference with a P value of 0.047. The 
number of births in communities with MWHs was 248 and in com-
munities without MWHs, the number of births was 255. When 
extrapolated over 10 years, the total number of women's lives 
saved (population- adjusted) would be:
The total cost per year of maternal life saved (discounted) over 
3 years was calculated as (Table 3):
Using the same methodology, cost per year of maternal life saved 
over 10 years would be $309. The GDP per capita in Liberia was 
$379.69 in 2011, the first year of the study and base year for all dis-
counted calculations.16 Therefore, the discounted total cost per year of 
maternal life saved was highly cost- effective at $309. The MWHs would 
become cost- effective by 2 years and highly cost- effective by 7 years. 
If all the MWHs had a building cost of $6500, as a lower bound, they 
would be cost- effective within 1 year, while if they all had a building 
cost of $25 000, an upper bound, they would be cost- effective within 
3 years. Even if only 1.05 lives were saved each year, or just over 12 
per 100 000 community members in the childbearing population, about 
half of our point estimate, then the intervention would be cost- effective 
at exactly 3 years. Additional analyses included the likely secondary 
impact of neonatal deaths, as well as discounting of costs and benefits 
to account for the lessened value today of future years of life and/or 
repair and upkeep costs. For the discounted total cost of the MWHs, the 
fixed cost of building the 5 MWHs was added to the discounted vari-
able costs for all 5 MWHs over each of the time periods (Table 3). The 
discounted variable costs were based on estimates of supply, repair, and 
wages costs. When the likelihood of an infant death was included in the 
discounted total cost per year of maternal life saved, the cost per year of 
maternal life saved was just $381 over the 3- year study period (Table 3).
4  | DISCUSSION
The secondary data analysis in the present study investigated the cost- 
effectiveness of MWHs in rural Liberia along with the economic effect 
of MWHs on maternal mortality. To our knowledge, this analysis was 
the first to provide insight into the cost- effectiveness of MWHs. Results 
demonstrated that MWHs were a highly cost- effective and affordable 
strategy to reduce maternal mortality in Liberia in a short time period.
Costs associated with the MWHs varied significantly across com-
munities in the study. In most communities existing structures were 
renovated, while in one community a new home was constructed. 
Given the wide range in budget between old and new structures, 
the economic effectiveness estimates of aggregate costs could be 
skewed. In some communities, much of the construction material 
and services were donated thereby lowering costs. The study found 
6.25 lives saved
3 year study period
×10 years=20.8.
total discounted C∑3
i=1
�
average total LS/year
�
×
�
2011 value of average years of life remaining in year i
� =
$77,091�
6.25
3
�
×
�
22.02+21.64+20.76
� =$574
TABLE  3 Total number and cost per women's lives saved.
3 y 5 y (projected) 10 y (projected)
Total number of women’s lives saved (population- adjusted)a 6.25 10.4 20.8
Total number of lives saved, women and infants (population- adjusted)b 11.25 18.7 37.4
Total cost of MWHs during the full time period (building and variable 
costs, discounted)c
$77 091 $90 221 $124 695
Total cost per year of women’s life saved (USD, discounted)d,e $574 $416 $309
Total cost per year of life saved, woman or infant (USD, 
discounted)d,e,f
$381 $275 $204
aPopulation- adjusted lives saved account for differences in population between MWH and non- MWH communities as a factor explaining differences in 
maternal death numbers within a community.
bYears of infants’ lives saved is not based on collected data, but rather estimated based on the likelihood of the infant's survival after a maternal death 
calculated in other studies.
cVariable costs include wages, cooking utensils, plastic buckets, plastic mattresses, paint, roofing, and door replacement costs as given in Table 2.
dTotal cost of year of life saved calculated using population- adjusted lives saved.
eFuture years of life are discounted annually using a rate of 3% using 2011 as the base year. Variable costs incurred after 2011 are similarly discounted in 
total cost per year of life saved calculations.
fAssumption made that there is an 80% chance of the infant dying as a result of maternal death.
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additional variation between communities in the amount of raw 
materials and services donated that could reduce costs of a MWH 
compared to others.
The highest combined total of maternal deaths occurred in com-
munities without a MWH. The number of maternal lives saved was 
extrapolated over 5 and 10 years to demonstrate the long- term eco-
nomic benefit of investing in the MWHs. The scaled- up estimates 
demonstrated that making a large one- time investment to build a 
MWH would have an enormous long- term benefit in increasing access 
to skilled obstetric care and reducing maternal mortality.
Cost- effectiveness results modeled over 3, 5, and 10 years illus-
trated that the cost per year of maternal life saved decreased over 
time as a result of falling average fixed costs, and that the cost per 
year of life saved fell as more lives were saved. Over 10 years, the 
cost per maternal life saved dropped to $309. Using WHO cost- 
effectiveness thresholds in relation to the Liberian GDP per cap-
ita, it was concluded that building MWHs in rural Liberia would 
be a highly cost- effective intervention over 10 or more years and, 
if years of infant lives saved were included, possibly as soon as 
5 years. When compared to the average GDP per capita in low 
income countries in 2011 of $694.94, the MWHs would be highly 
cost- effective within 3 years, though costs would also likely be 
higher in these countries.
The secondary cost analysis study had several limitations. The 
prior cohort study3 did not collect data with a cost- effective analy-
sis in mind therefore the amount of financial information to evalu-
ate was limited. Additionally, the prior cohort study did not capture 
a number of characteristics that may have impacted differences 
including total number of births, total fertility rate, and maternal 
risk. A discussion of how these costs and characteristics influenced 
results would have been useful. Future studies should explore the 
role of various types of costs associated with MWHs. Another lim-
itation of the current study was that the effect of MWHs on new-
born health was incorporated into calculations based on effects 
found in studies in other African countries. Given the strong link 
between maternal and newborn health, the cost- effectiveness anal-
ysis would be strengthened by directly investigating with primary 
data collection the combined effect of MWHs on both women and 
newborns. Despite these limitations, the present study was the first 
one to analyze the cost- effectiveness of MWHs in a low income 
country and to provide important insights into the economic effect 
of MWHs on maternal mortality.
With low average costs in the long term, MWHs could be a 
cost- effective and affordable strategy for reducing maternal mor-
tality in Liberia. This economic analysis has added to the existing 
body of evidence that MWHs should be considered as a health 
system strengthening effort and a geographic bridge to mater-
nal healthcare.6,7,19 Further work is needed to substantiate the 
cost- effectiveness of MWHs in other LMICs. The scarcity of rich 
experimental cost- related data associated with MWHs needs to be 
addressed. Only by presenting solid information on the economic 
benefits of investing in MWHs will policy makers be able to make 
informed decisions.
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